Cardiovascular reactivity in response to the cold pressor test has been associated with an increased risk of coronary heart disease in middle-aged men. We studied 905 white male medical students, median age 22 years, in the Johns Hopkins Precursors Study. Systolic blood pressure, systolic blood pressure change during the cold pressor test, smoking, cholesterol, Quetelet index, and family history of coronary heart disease were measured on enrollment during 1948-1964. Incidence of cardiovascular morbidity and mortality was ascertained by annual questionnaires and death certificates. There was no association between change in systolic blood pressure during the cold pressor test, whether examined as a continuous variable or a 20 mm Hg or more rise, and the risk of subsequent cardiovascular disease or coronary heart disease. These findings did not change after adjustment for cardiovascular disease risk factors. Previously reported associations may have been due to preexisting arteriosclerosis, which increases the rise in systolic blood pressure during the cold pressor test. We conclude that cardiovascular reactivity to the cold pressor test in young adulthood is not a strong predictor of future cardiovascular disease. {Hypertension 1992;19[suppl II]:II-218-II-223) V ascular reactivity to stress is thought to play a role in the pathogenesis of cardiovascular disease. 1 Many measures of the reactivity to everyday stressors, as well as to standardized laboratory stressors, have been devised. One such stressor is the cold pressor stimulus. The cold pressor test, as described by Hines and Brown, 2 involves immersing a subject's hand in a bucket of ice water for 1 minute and measuring the maximal change in blood pressure and heart rate. In a prospective study of 265 men, aged 47-57 years, a 20 mm Hg or greater rise in systolic blood pressure during the cold pressor test was associated with the development of myocardial infarction or death from coronary heart disease over 23 years of follow-up. 3 The incidence of myocardial infarction or death from coronary heart disease was 27% among the 67 men with a 20 mm Hg or greater rise in systolic blood pressure during the cold pressor test. The incidence was only 11% among the remaining 198 men (relative risk, 2.4; 95% confidence interval, 2.1-2.8). To our knowledge, no other prospective data on the association between the cold pressor test and coronary heart disease have been published.
In a prospective study of 265 men, aged 47-57 years, a 20 mm Hg or greater rise in systolic blood pressure during the cold pressor test was associated with the development of myocardial infarction or death from coronary heart disease over 23 years of follow-up. 3 The incidence of myocardial infarction or death from coronary heart disease was 27% among the 67 men with a 20 mm Hg or greater rise in systolic blood pressure during the cold pressor test. The incidence was only 11% among the remaining 198 men (relative risk, 2.4; 95% confidence interval, 2.1-2.8). To our knowledge, no other prospective data on the association between the cold pressor test and coronary heart disease have been published.
The present study examined the association between reactivity to the cold pressor test during medical school in 905 men and the development of cardiovascular disease over the following 4 decades. Reactivity to the cold pressor test was analyzed both as a continuous variable, systolic blood pressure rise during the cold pressor test, and as a binary variable of hyperreactivity, a rise of 20 mm Hg or more. Survival analysis techniques were used to account for the variable duration of follow-up and for the confounding effect of known risk factors for cardiovascular disease.
Methods

Study Population and Baseline Measurements
The Johns Hopkins Precursors Study was started in 1947 by Dr. Caroline Bedell Thomas. The purpose of the study was to determine characteristics associated with the subsequent development of cardiovascular disease. The sampling frame was all 1,337 Johns Hopkins Medical School students who matriculated into the graduating classes of [1948] [1949] [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] . Of these, 1,319 were asked to participate and 1,271 (95%) received a standardized medical examination and questionnaire during medical school. The medical examination included measurement of weight, height, and blood pressure as well as the cold pressor test. Nonfasting serum cholesterol level was measured using the Bloor method. 4 The questionnaire included questions about age, smoking habits, and family history of cardiovascular disease. The presence of coronary heart disease and hypertension in either parent before the age of 65 was assessed at baseline and over the course of follow-up by annual questionnaires.
At the baseline examination, 910 unselected white men underwent cold pressor testing. The relatively small number of women and nonwhite subjects (n=297) who underwent the cold pressor test was excluded from this analysis. Five white men were also excluded. Three of these men had an extremely high rise in systolic blood pressure during the cold pressor test (58, 64, and 76 mm Hg). These values were distinct outliers from the distribution, and their reliability was felt to be questionable. Because cardiovascular disease did not develop in any of these individuals, their exclusion could only increase the risk associated with the cold pressor test. One man was 49 years of age at the baseline examination and was excluded because age adjustment for this individual would be unreliable. One man had a cerebral hemorrhage before medical school. The final study population consisted of 905 white male medical students with a median age of 22 years (range, 19-35 years).
The cold pressor test was performed using the Hines and Brown technique, 2 with the subject recumbent, and is described in more detail in a previous report on this study population. 5 Briefly, baseline measurements of blood pressure and pulse were repeated until no further changes were noted (±4 mm Hg and 4 beats per minute, respectively). The right hand was immersed up to the wrist for 1 minute in a bucket of ice water at 4°C. Blood pressure and pulse rate were measured in the participant's opposite arm at approximately 30 and 60 seconds and were recorded. For each individual, the maximum change in systolic blood pressure, diastolic blood pressure, and heart rate from the baseline value was used as a measure of cold pressor reactivity.
Follow-up Procedures
Fatal and nonfatal myocardial infarction, angina, and stroke were assessed by annual questionnaires through 1988. Annual response rates ranged from 68% to 78%, with 5-year response rates of 87-94%. Vital status of nonrespondents was ascertained by telephoning them, contacting family members, scanning obituaries, and searching the National Death Index in 1987. Vital status was known for 99% of the subjects. By the end of 1987, 80 of the 905 subjects had died. Using death certificates, hospital records, autopsy reports, and physician reports, a committee of internists also trained in epidemiology assigned a single cause of death according to the modified Lipid Research Clinics' criteria. 6 This determination was done without knowledge of the cold pressor test results. The cause of death was classified according to International Classification of Diseases Revision 9 (ICD-9) rubrics. In addition, all reports of cardiovascular morbidity were reviewed by the committee and assigned an ICD-9 rubric. The participants' selfreports of disease occurrence were, as expected from physicians, very accurate. For example, medical records were obtained for 89% of the myocardial infarction cases. The self-reported diagnosis was verified in 100% of these cases.
The cardiovascular morbidity and mortality experienced by this cohort were divided into three categories. The first and most specific category included myocardial infarction (ICD-9 410 and 412) and sudden death (ICD-9 427.5 and 798.2). The second category, coronary heart disease, included all events in the first category as well as angina pectoris (ICD-9 413) and coronary artery disease requiring bypass graft surgery (ICD-9 414). The broadest category, cardiovascular disease, included coronary heart disease events as well as other cardiovascular disease, that is, hypertensive heart and renal diseases (402-404); pulmonary embolus (415) 
Statistical Analysis
Frequency distributions of all variables were examined. The association between baseline characteristics and maximum systolic blood pressure response to the cold pressor test was tested using linear regression techniques. In this analysis, systolic blood pressure response to the cold pressor test was the dependent variable, and the effect of each baseline characteristic as an independent variable was estimated. The association between reactivity to the cold pressor test and the development of cardiovascular morbidity and mortality was examined using KaplanMeier survival curves and Cox proportional hazards models. hyperreactivity to the cold pressor test after adjustment for other cardiovascular disease risk factors. All analyses were conducted using the Statistical Analysis System (SAS).
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Results Table 1 shows baseline characteristics of the 905 medical students in the study. The overall risk profile was that of young, healthy individuals. Median age at entry was 22 years, with 95% of the subjects being younger than 28. The mean blood pressure was in the normotensive range, with only nine of the subjects having a systolic blood pressure above 160 mm Hg. Participants were, on average, lean, with moderately elevated average serum cholesterol levels as measured by the Bloor method. The Bloor method tends to overestimate serum cholesterol levels by 10-15% compared with the Abell-Kendall method. 10 The high prevalence of cigarette smoking, 53%, was consistent with national averages during this time period. 11 However, many of the subjects stopped smoking during the follow-up period. In 1970, only 31% of the subjects were smoking, and by 1980, the prevalence of cigarette smoking had decreased to 24%.
The average systolic blood pressure change during the cold pressor test was 12 mm Hg, with a standard deviation of 8 mm Hg and a mild skew toward higher values. One hundred and seventy-five (19%) of the subjects had a systolic blood pressure response of 20 mm Hg or greater. The diastolic blood pressure rise was slightly greater, at 15 mm Hg; the average increase in heart rate was 6 beats per minute. The magnitude of these responses is comparable to that of healthy adults in other studies. Table 2 shows the association between the subjects' baseline characteristics and the systolic blood pressure rise during the cold pressor test. Subjects with a higher systolic or diastolic blood pressure had a greater rise in systolic blood pressure during the cold pressor test. However, these associations were not very strong. The mean systolic blood pressure rise during the cold pressor test was only 0.54 mm Hg higher for each 10 mm Hg increment in baseline systolic blood pressure. A family history of premature coronary artery disease in the father was associated with a 1.3 mm Hg higher systolic blood pressure rise during the cold pressor test (/?=0.05). A positive family history of hypertension in either parent was not associated with a significantly higher response to the cold pressor test. Reactivity to the cold pressor test was also not significantly associated with age, body mass index, or resting heart rate. However, the range of many of these variables was quite narrow in this young, healthy population. Table 3 shows the number of cardiovascular disease end points ascertained. Eighty of the subjects died over a median follow-up period of 27 years. Twenty-four deaths were due to cardiovascular disease, and 18 of these were due to a myocardial infarction or sudden death. One hundred and fiftythree of the subjects had at least one cardiovascular disease event; 83 of these individuals experienced a coronary heart disease event, and 51 experienced myocardial infarction or sudden death. The systolic blood pressure change during the cold pressor test was not predictive of future coronary heart disease or cardiovascular disease (Table 4) . This was true whether the reactivity was modeled as a binary or continuous variable. Figure 1 shows a Kaplan-Meier plot of the cumulative incidence of coronary heart disease by age of the subjects for participants with a low (less than 6), intermediate (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , or high (20 or greater) systolic blood pressure response to the cold pressor test. It is evident from the graph that the cumulative incidence of coronary heart disease did not differ among the three groups (/?=0.82). The incidence curves are overlapping until age 60. The rise in cumulative incidence above age 60 in the hyperreactors reflects the few events (n=2) among the small number of subjects (n=26) older than 60 years of age in this group. Adjustment for other coronary heart disease risk factors demonstrated that this lack of association was not due to confounding by these variables ( Table 5 ). The adjusted relative risk associated with hyperreactivity to the cold pressor test (systolic blood pressure rise of 20 mm Hg or greater) was 0.91, with a 95% confidence interval of 0.5-1.8. Reanalysis of the data including the three individuals with extremely high cold pressor responses did not change the results.
The diastolic blood pressure and heart rate responses during the cold pressor test were also not associated with cardiovascular disease incidence (data not shown).
Discussion
To our knowledge, this is the largest prospective study examining the association between response to the cold pressor test and subsequent incidence of cardiovascular disease. The systolic blood pressure rise during the cold pressor test among the 905 young men in this study had a unimodal distribution, with no evidence for a distinct group of hyperreactors. The systolic blood pressure rise during the cold pressor test was minimally greater among individuals with a higher systolic or diastolic blood pressure. Reactivity to the cold pressor test, however, was not higher among people with a positive family history of hypertension.
Hyperreactivity to the cold pressor test was not associated with the incidence of overall cardiovascular disease or the more specific categories of coronary heart disease and myocardial infarction or sudden death. Modeling cold pressor reactivity as a continuous variable also yielded no association between cold pressor reactivity and disease. This lack of association was not due to confounding by other measured cardiovascular risk factors. Furthermore, the risk estimates were very close to 1.0, with narrow confidence intervals, giving strong evidence against a marked association between cold pressor reactivity and cardiovascular disease.
The rationale for using reactivity as a continuous variable in the present analysis was the unimodal distribution of reactivity. There was no evidence in our data or any of the other published studies for a distinct group of hyperreactors to the cold pressor test. The validity of the linearity assumption, which underlies the use of cold pressor reactivity as a continuous variable, was examined by dividing the reactivity into quartiles. There was no association between the reactivity quartiles and disease outcomes and no evidence for deviation from the linearity assumption. A quadratic term, systolic blood pressure change squared, also did not improve the fit of the model (data not shown). 
Age
Besides the absence of a biological relation between reactivity to the cold pressor test and incidence of cardiovascular disease, there are several alternative explanations for the failure to demonstrate such an association. Manual measurement of the rise in systolic blood pressure during the cold pressor test is imprecise. This imprecision could have resulted in misclassification, which would decrease the observed association. However, the cold pressor reactivity measures in this study have been shown to predict the development of hypertension, with a comparable number of end points (n = 105). 16 Higher systolic blood pressure reactivity to the cold pressor test was associated with an excess risk of developing hypertension before the age of 45 (relative risk, 2.6; 95% confidence interval, 1.5-4.7 for 20 mm Hg or greater rise in systolic blood pressure). Given that the cold pressor test reactivity predicts the development of hypertension in this study, it is even more surprising that reactivity is not associated with cardiovascular disease. If hypertension is in the causal pathway between cardiovascular reactivity and the development of cardiovascular disease, then pharmacological treatment of hypertension with the attendant risk reduction may explain the lack of association between reactivity and cardiovascular disease.
Another possible explanation for our negative results is that the association between reactivity to the cold pressor test and incidence of cardiovascular disease is too small to be detected in our study. The confidence intervals around the risk estimate associated with hyperreactivity show that a relative risk greater than 1.8 for cardiovascular disease is unlikely. However, a small increase in risk of 1.8 or less cannot be ruled out. Given that this study included 905 individuals followed for a median period of 27 years, it seems unlikely that a larger prospective study of the cold pressor test will be conducted. Longer follow-up on this cohort will result in more cardiovascular end points and will allow for an examination of any smaller risk associated with cold pressor hyperreactivity. However, many of the incident cases of premature coronary heart disease in this cohort have already occurred, because the median age of individuals in the study is now 60 years old. The previous study 3 that demonstrated a relation between reactivity to the cold pressor test and subsequent coronary heart disease studied a much older population than that in the present study. People with arteriosclerosis exhibit a greater systolic blood pressure rise during the cold pressor test than those without arteriosclerosis, independent of the presence of hypertension. 1718 This finding suggests that measurement of reactivity to the cold pressor test in middle age may be a marker for existing atherosclerosis. As a result, the predictive value of reactivity to the cold pressor test performed in middle age is difficult to interpret. The association found by Keys et al 3 could have resulted from a higher prevalence of subclinical arteriosclerosis among hyperreactors to the cold pressor test at the baseline visit.
The lack of association of cardiovascular disease with cold pressor response in this study should be generalized with caution to other stressors. Reactivity in response to various stressors is mediated through different physiological mechanisms. The systolic blood pressure response to the cold pressor test results from a vasoconstrictive response mediated predominantly by neurosympathetic pathways. 1 The mean arterial pressure rise during the cold pressor test is correlated with a response to other physical, but not mental, stressors. 19 Daytime variability in blood pressure measured with an intra-arterial catheter is associated with a response to mental, but not physical, stress. 19 Thus, mental stressors may be more similar to the daily stimuli people encounter and may prove to be more predictive of the development of coronary heart disease.
